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MARIO
 MARIO 
Modular Robots for Assistance in Robust and Intelligent Operations.
▪ OBJECTIVE
To develop MARIO to assist patients with spinal cord injury in performing daily 
living tasks.
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ModRED II
▪ ModRED: Modular Robot for Exploration and 
Discovery
▪ ModRed – II is a Modular Self-Reconfigurable 
robot (MSR) 
▪ MSR can change shape and configuration as per 
the demand of the task
ModRed- Single Module
ModRed- In a Configuration
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Research Questions
▪ How to apply experience and learning technique into MSR’s for rehabilitation 
assistance?
▪ How to improve human-robot team performance in the environment? 
▪ How to evaluate and validate the rationality in human-robot collaboration?
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Hypotheses
▪ Deep reinforcement learning techniques will explore the mobility capabilities of MARIO to perform 
human assistive tasks
▪ Shared Autonomy will improve the performance of human-robot team 
▪ Building trust of the human user in using MARIO for daily-living assistive tasks will reduce the 
training load 
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Methodology
▪ Hints for best configuration for different tasks will be provided to robot as a domain knowledge
▪ Markov Decision Process and shared autonomy, to observe and gain information about user inputs
▪ Artificial neural network, to learn the complex environment
▪ To achieve goal, deterministic policy gradient algorithm
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Shared Autonomy for Robots
Semi-autonomous system:
Shared Autonomy means sharing the control
of the robot to the robot itself and the human
user
[1] Dragan, Anca D., and Siddhartha S. Srinivasa. "A policy-blending formalism for shared control." The International Journal of Robotics Research 32.7 (2013): 790-805.
[2]  Javdani, Shervin, Siddhartha S. Srinivasa, and J. Andrew Bagnell.   "Shared autonomy via hindsight optimization." arXiv preprint arXiv:1503.07619 (2015).
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Deep Reinforcement Learning
Image reference: https://lilianweng.github.io/lil-log/2018/02/19/a-long-peek-into-reinforcement-learning.html
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Goal of Reinforcement Learning (RL) is to learn a good strategy
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Deterministic Policy Gradient Algorithm
▪ Proceeds by adjusting the policy
parameters in the direction of greater
cumulative rewards
▪ Allow the robot to choose actions over a
sequence of time steps.
[3] Silver, David, et al. "Deterministic policy gradient algorithms." ICML. 2014.
[4] Lillicrap, Timothy P., et al. "Continuous control with deep reinforcement learning." arXiv preprint arXiv:1509.02971(2015).
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Integrating Shared Autonomy with DDPG
Model - to reach a desired goal location to perform
assistance to the human.
Integrating the shared autonomy, the human can
apply actions manually for optimum output.
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Results
▪ In complex environment with an easy task of navigation with ModRED II
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Results
▪ In normal environment with singleton robot
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Thank You !
Questions ??
Anoop Mishra, CS Graduate Workshop 2019 14
Back-up Slides
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Rationality: A Game theory approach
▪ Forming the human-robot collaboration in a game
▪ Goal: Human and robot team are willing to accomplish the task
▪ Using game theory approach, proving rationality in the collaboration
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